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SUMMARY 
I ■ 

An untwisted wing, which when unswept has an NACA 65-210 section, 
an aspect ratio of 9«0 and a taper ratio of 2. 5:1.0, has been tested 
with no sweej), and 30° and 45° of sweepbaclc and sweepforward in 
conjunction with a typical fuselage at Mach numbers from 0.60 to 
0.96 at angles of attack generally between -2° and 10° in the 
Langley 8-foot high-speed tunnel- Sweep was obtained by rotating 
the wing semispans about a .point in the plane of symmetry. The 
normal-force, pitching -moment, profile -drag, and loading characteristics 
for the wings have been obtained from pressure measurements and w;ake 
surveys. The results indicate that the wings with £30° of sweep 
experienced the severe changes in characteristics associated with 
the presence of shock at higher Mach numbers than did the wing 
without sweep. The differences between the Mach numbers at which 
the changes occurred for the wings with t30° sweep and no sweep 

were generally slightly less than the factor — times the 

COSil-, 

X 

Mach numbers at which the changes occurred for the unswept wing, 

A r being the sweep angle. The wings with tli.5 0 of sweep did not 
experience the changes in the characteristics associated with the 
presence of shock at an angle of attack of 2° at Mach numbers up to 
the highest test value. The magnitudes of changes in the normal- 
force and pitching -moment coefficients that occurred were less for 
the wing with 30° of sweep than for the unswept wing. The use of 
sweepforward was superior to sweepback in delaying and reducing 
the changes in the normal-force coefficients, but was inferior in 
delaying and reducing the changes in the profile-drag coefficients. 
Increasing the Mach number to the highest test values had little 
effect on the positions of the center of loads on the various 
configurations for the probable design load conditions. 

INTRODUCTION 

The results of investigations made in this country and in 
Germany (references 1 and 2) have shown that the use of sweepback 
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or sweepforward delays the onset of the radical changes in 
aerodynamic characteristics associated with the presence of shock 
on the wing..,’ More recent investigations made, in both countries 
have added considerable information on the characteristics of 
wings with sweep at supersonic as well as subsonic Mach numbers 
(reference 3) but little data is available for the transonic 
speed range. The data available, therefore, are insufficient for 
the proper design of aircraft with swept wings. ■ 

The MCA 65-210 wing model previously tested in the Langley 8-foot 
high-speed tunnel (reference 4) ha3 been tested in conjunction with 
a typical fuselage with no sweep and. 30 ° end 45° of sweepback and 
sweepf orwar d of the quarter -chord line and several aileron deflections 
at Mach numbers from 0.60 to 0.96 at angles of attack generally between 
-2° and 10° to provide information on the following factors: 

(1) "The effects of sweep on aerodynamic characteristics of this 
particular wing in the Mach number range for which general information 
on the effects of sweep on aerodynamic characteristics is now 
available. - 

(2) The general effects of sweep on aerodynamic characteristics 

in the ' lower part of the transonic speed range for which little data 
are available . " ' . 

(3) The effects of compressibility on the distributions of 
aerodynamic 'loads on swept wings at : subsonic Mach numbers. 

(4) The changes in the aerodynamic characteristics of a fuselage 
in the . presence of swept wings at subsonic Mach, numbers . ,• 

• ./• . : •" • .. LEFIRITIOIfS ■ . : ■ 


The symbols are defined as follows: . . . 

b . span, of 'model .' v ’ 3 \ ..... • 

c ■ section, chord of wing’, parallel to air stream 

ci .section chord perpend! cular to /quarter-chord line of unswept 
' ' ' wing " ' ’ ’ ' ' ''' ;• ' _ ' ’ . '. 

c c chord of section perpendicular to the quarter-chord line of 
the unswept wing passing through the critical point, the 
intersection with the- surface of the fuselage of the 10 - 
or 20 -percent -chord linos of the unswept wing for sveptback 
or sweptforvard wings, respectively .('see. fig. 3} 

UNSIASSiBB) 
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chord of section at juncture of wing and fuselage 
tip chord, parallel to air stream 

root chord, distance between intersections of extended leading 
and trailing edges with plane of symmetry 

average chord of wing extended to plane of symmetry 


average - chord of wing outboard of fuselage 


(- 



mean aerodynamic chord of wing outboard of fuselage 

+ c„ ] (reference 5) 


c* = 


w 


Cf +' 


mean aerodynamic chord of over-all configuration assuming wing 
is rectangular through fuselage with chord equal to the 
chord at wing-fuselage juncture 

c f 2 r + c« v S w 

c*„ = - — (reference 5) 

°f r + s w 

swept -back semi span, distance between intor oo ct i ons of the 
quarter-chord line of the unswept wing with the root and 
tip chords, b/2 cos A r (see fig. 3) 

distance from nose of fuselage to intersection of the quarter- 
chord. line of the unswept wing with the plane of symmetry 
(see fig. 3) 

loss of total pressure in wake 

distance from leading edge of wing perpendicular- to quarter 
chord of the unswept wing, inches 

Mach number 

static pressure in undisturbed stream, pounds per square foot 

local static pressure at a point on airfoil or fuselage, pounds 
per square foot 


pressure coefficient 


P - P, 


° j; U, upper surface; L, lower surface 


dynamic pressure, pounds per square 


foot ^pV £ 
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r radius of straight -sided part of fuselage at wing-fuselage 
juncture, 1.875 inches (see fig. 3) 

s distance measured along quarter-chord line of the unswept ving 
from plane of symmetry, inches % 

s c distance along the quarter-chord line of the unswept wing from 
the plane of symmetry to the section through the critical 
point, inches 

g* distance along the quarter -chord line of the unswept wing from 
the plane of symmetry to the section perpendicular to the 
quarter-chord line which includes the center of load on 
the wing outboard of the section through the critical point, 
inches 

(b - 2v)) 

S e area of wing extended through fuselage ^c e b 

S a area of wing assuming wing rectangular through fuselage 

( s w + 2c f r ) ' 

V velocity in undisturbed stream, feet per second 

x distance in stream direction from intersection of quarter 

chord of the unswept wing with plane of symmetry (downstream 
positive) , inches 

Xf distance from the lateral axis through the intersection of the 

quarter-chord line of the unswept wing and the plane of symmetry 
to the lateral axis through the quarter-chord station of 
the section at the intersection of the wing and fuselage 


w 


area of wing outboard fuselage 


i 5 » 


Xt. chordwise distance from leading edge of wing-fuselage -juncture 
chord to leading edge of tip chord 

X w distance from the lateral' axis through the intersection of the 

quarter -chord line of the unswept wing and the plane of symmetry 
to the lateral axis through the quarter-chord station of the 
mean aerodynamic chord of the wing outboard of the fuselage 


X-^(cf + :Cg^ 

hr 

3(cf + Cg) 

X a distance from the lateral axis through the intersection of 

the quarter-chord line of the unswept ’-ring and the plane of 
symmetry to the lateral axis. through the quarter-chord 
station of the mean aerodynamic chord of the over -all 


1_ 

b 


(c* 


w 


- cf) + Xj (reference 5) 
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- configuration assuming wing rectangular through ■ fuselage. 


X. 


x a =- 




! VA 


(reference 5) 


oxr +..S W 


y distance from plane of symmetry along horizontal axis, inches 

z distance from center line along ‘vertical axis, inches 

z 5 vertical distance from trailing edge of wing-fuselage- juncture 

chord, inches 

a geometric angle of attack, degrees - 

p mass density in undisturbed stream, slugs per cubic foot 

A 0 sweep angle between line perpendicular to the plane of symmetry 

and leading edge of wing, degrees (positive values for 
sweepback, negative values for sweepf onward) 

sweep angle between line perpendicular to the plane of 

symmetry and the quarter -chord line of the unswept wing, 
the principal reference line, degrees 

The coefficients are defined as follows: 


C t 

c n 


wing section normal-force coefficient (section perpendicular 
to quarter -chord line of the unswept wing) 


' C A 


v ' (ri - dI 

•• C AJ o 


wing section twisting -moment coefficient about quarter-chord 
line of the unswept wing (section perpendicular to this line) 


ot m 


( p u - h ( ! 


il 


C,j wing normal-force coefficient 
1 w 

2 r & 2 

CN„ =— / C A c n* ds ( see fi S« 3) 
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Cjh_* /ir ' wing ; pi t ching -moment coefficient about quarter -chord 

station of mean aerodynamic chord of wing 


cl COS 


a r a 2 


^ 1 Aw S w c< v ja^ 


G A C t ds 


2 sin A f a 2 
s w c V J a l 


c A c n *s de + %X w /c w 


c nf . fuselage.. section normal-force coefficient .(section parallel 

with air stream) 


1 


"25 -g 


c n f = ~ f - / (? L - P n ) dx (see fig. $) 

J6-g 




fuselage section -pitching moment coefficient about 
quarter chord station of wing section at fuselage 
surface 




Cm f = /; ( ? U - p l) 

J6-a 


■ r '-5-g 

16-a 

oyer-all normal -force coefficient. 


„ S w 2c f r. f . 

C N a = T~ c il, r + ~ — c 


-a *"w . ‘"a . J if 


0, 


“cA 


a 


over-all pit chia^ -moment . coefficient aocut. quarter -chord 

station of mean, aerodynamic chord of over-all eonfiginratioa 


c Vv 


Cnc'A a = , o Sc./k 


a a 


3, 

+ ~- 

\r. ; . 'S 


\,(\ -v 


■H 


V 


:. c f 2r f - , G f r f x a " x w 


c m_, + 


c* t c* -L 

c a°a 


S 5 


a 




^U c normal-force coefficient for wing outboard section through 

critical point 


C It 




cA?n .As 



UACA EM No. L6J01a 


7 



■banding-moment coefficient for section through critical 
point 


2 f' a 2 

C Bc = / c A c »(s - s ) ds 

M Jb c ' 


s* /d lateral position of center of load with reference to the 

. section through critical point 

s ’/<i = c B c / C N c 

twisting -moment coefficient about quarter chord of the 
unswept wing for wing outboard of critical section 
based on chord of section through critical point 



l ! / c c chordwise position of center of load with reference to 

the quarter -chord line of the unswept wing 


l'/c. c = 



c t 





mean section twisting -moment coefficient 


S c fj Q 
e e °c 


c t?A as 


section profile-drag coefficient from wake 


measurement s 

wing profile -drag coefficient 

CO m 

cc, dy 
a o 
f 



survey 
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APPARATUS 

The Langley 8-foot high-speed tunnel,, in. which the tests were 
conducted, is of the single -return, closed-throat type. 

The wing model tested as it appeared during previous tests is 
shown in figures 1 end 2. For the unswept condition with no fuselage, 
it has an NACA 65-210 airfoil section, an aspect ratio of 9*0, a taper 
ratio of 2. 5: 1.0, no twist or dihedral, and a 20 -per cent -chord aileron 
that extends from the 60-percent-semispan station to the end of the 
straight part of the trailing edge.. The ordinates- of the tip and the 
MCA 65-210 section of the unswept wing are presented in reference 4. 
Other dimensions of the unswept wing are presented in table I. Twenty 
static-pressure orifices were placed at each of eight stations along 
the wing span in lines perpendicular to the quarter-chord line of the 
unswept wing. The approximate chordwise locations of the orifices are 
given in reference 4 while the spanwise locations of the stations arc 
presented in table II. The four inboard stations were placed on the 
left half of the wing and the four outboard stations were placed on 
the right half. 

The model was supported in the tunnel by means of the vertical 
steel plate shown in figures 1 and 2. The plate, which is completely 
described in reference 4, has a chord of 50 inches, a thickness . of ' 

0.75 inch, and a modified ellipse profile. 

Swept configurations were obtained, by rotating the model with 
respect to the support plate about the main fastening screw, which is 
located at the midspan of the model and 0.4 -root -chord length from the 
leading edge of the root chord. Wall pressure measurements indicate 
that the flow over the model on one side of the plate had very little 
effect on the flow on the other side even at the highest test Mach num- 
bers. A given test configuration represents, therefore, not a yawed 
model but half of a swept -back model and half of a swept -forward model. 
Since the thickness of the boundary layer on the plate was small, the 
support had negligible effect on the data obtained. 

Revised tips were added for each sweep.. The shapes of the revised 
tips were similar to that of the unswept wing, the. major axes of the 
tips were parallel to the stream direction, the minor axes were along 
the 40-percent-chord lines, and the widths were 0.47 inch (see fig. 3)* 
The dimensions cf the model with 30° and 45° of sweepback and sweep- 
forward of the quarter-chord line are presented in table I and figure 3 • 
The dimensions are based on the assumption that the surface of the 
plate at the root is the plane of symmetry . The locations of the 
pressure orifice stations with reference to the intersection of the 
quarter-chord line of the original wing and the center line for the 
swept configurations ore presented in table II. 



NACA EM No. . L6J01a 


9 


QflgKSSFlED 


The effect of the addition of a fuselage to a complete wing 
was simulated by the addition of two half bodies of revolution to 
the test configuration at the surfaces of the support plate. The 
dimensions 'of the half bodies of revolution, the center lines of 
which coincided with the chord plane of the wing, are shown in' 
figure 3. The chordwise positions of the fuselage with respect 
to the wing for the various sweep angles are presented in table I. 
Twenty -eight pressure orifices were placed in one of the halves in 
two planes at 45° to the .plane of symmetry through the center line 
as shown, in figure 3* 

Wake surveys' were made behind the wing by means of the rake' 
described in reference 4 and shown in. figure 2. 


METHODS MID PBOCEDUBES ' 

; Tests 

Pressure' measurements were made at the eight stations on the 
wing and on the fuselage at the Mach numbers and angles of attack 
listed in table 17 . All pressure measurements were made with 
the revised tips described in the section on Apparatus. Since 
the pressure stations are on both sides of the wing model, pressure 
data for a given sweep were necessarily obtained during tests of 
two configurations. Wake -survey measurements were made at the 
stations listed in table III at the Mach numbers'and angles of 
attack listed in table 17. Wake-survey measurements were mado 
with and without the revised tips for sweep angles of 30° and 45° 
at the three stations nearest the tip. All other wake surveys 
were made with the revised tips. 


Corrections for Tunnel -Wall Interference 

The expressions available for the calculation of the effects 
of tunnel -wall interference are inadequate for the accurate 
determination of those effects for swept wings at high subsonic 
Mach numbers. No corrections for these effects have been applied, 
therefore, to the results of the present tests of swept wings. To 
make the data presented consistent, no corrections have been applied 
to the data obtained for the unswept condition. Estimations of the 
order of magnitude of ' the effects of tunnel -wall interferences, using 
the expressions presented in reference 4, indicate that the corrections 
to be applied to dynamic pressures and Mach numbers for all conditions 
except that of no sweep at. a Mach number of 0.925 are less, and in 
most cases much less, than 1 percent. The corrections to be applied 
to the results obtained for no sweep at a Mach number. of 0.925. may 
be as, large as 3 percent. . 
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Limiting Test Mach Numbers 

The tunnel choked at Mach numbers of approximately 0.945, 0.975, 
and 0.985 for sweep angles of 0°, 30°, and 45°, respectively . The 
data obtained when the tunnel is choked are not applicable to the 
prediction of wing character! sties for free air (reference 6) and 
therefore, they are not presented. 

Static pressure measurements made on the tunnel wall indicate 
that there are perceptible tendencies toward choke at the plane 
of the model at a Mach number of 0.9.25 and 0.960 for unswept and 
swept conditions , respectively . The results obtained at these 
Mach numbers, even if completely corrected for the usual effects of 
tunnel -wall interference, may not, therefore, indicate the exact 
flight characteristics. The general trends, however, are believed 
to be illustrated by the results obtained at these Mach numbers. 

With the support strut for the wake-survey rake in place (fig. 2) 
the tunnel choked at this strut when the uncorrected Mach number 
at the plane of the model was 0.88 2. As explained in reference 4, 
choking at the survey strut simply imposes a limitation on the . 
maximum test Mach number and does not affect the applicability of 
the results. The data obtained for the model with the wake-survey, 
stmt in place can thus be assumed to be correct, up to the choking 
Mach number of the wake -survey strut and data up to this Mach number 
have been presented. 


Reynolds Number Range 

When the Mach number was increased from. 0.60 to O. 96 , the 
Reynolds numbers for the unswept wing based on the mean chord varied 
from 1.05 X 10° to 1.25 x 108 . The Reynolds numbers for the swept 
wings were greater than these values by the rati os ’ of the mean 
chords of these wings to the mean chord of the unswept wing , (table i) . 

' REDUCTION OF DATA AND RESULTS 
Aerodynamic Characteristics 

Section normal -force coefficient c n * and section twisting- 

moment coefficients about the quarter -chord line of the unswept 
wing c-w have been obtained by integrating the pressure- 
distribution diagrams for the eight wing* orifice stations. 

The wing normal -force coefficient has been- obtained by integrating 
a curve of c n * c/^ versus the distance along the quarter-chord line of the 
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unswept wing, and dividing the results, by the area of the wing outboard 
of the fuselage- Variations of the resulting- wing normal-force 
coefficients with angle of attack for the various' sweep angles 
are presented in figure -.4 while variations of this coefficient 
with Mach number are presented in figure 5- Variations of the 
slopes of the wing normal -force-coefficient curves, dCjj j da'., 

with Mach number. at an angle of attack of 2° are presented in 
figure 6. 

The wing twisting -moment coefficient about the quarter-chord 
line, of the unsvept wing has been obtained by. integrating a curve 
of c. t cT versus .distance along this line and dividing the result 
by the area and mean aerodynamic chord of the wing outboard of the 
fuselage. The wing bending -moment coefficient about a line 
perpendicular . to the quarter -chord line of the unswept wing at 
its intersection with the plane of symmetry in terms of the mean 
aerodynamic chord of the wing was calculated from data obtained' 
during the integration of a curve of . c ? n c/\ versus the distance 
along this line. The wing pitching -moment coefficient about a 
lateral axis through the intersection of the quarter-chord line : i 
of the- unswept wing and the plane of symmetry has-been obtained 
by adding the components of. the wing twisting and bending -moment 
coefficients about this axis. By adding to this, pitching -moment 
coefficient the product of the wing .normal -force coefficient and 
the distance from this axis to- the quarter-chord station. of the mean 
aerodynamic .chord, the pitching -moment coefficients about this station 
has been obtained. The variations of the wing pitching-moment 
coefficient about the quarter chord of the mean aerodynamic chord 
of the wing with wing normal -force coefficient for various Mach numbers 
are presented in figure 7* Variations of this coefficient with 
Mach number for wing normal-force coefficients of -0.1, 0.3, and 0-5. 
are presented in figure 8. 

The total -pressure and static-pressure measurements made during 
the wake surveys have been reduced to section profile-drag coefficients 
by use of the expressions presented in. reference 7* The total wing 
profile-drag coefficient has been obtained by integrating a curve of 
c d 0 c versts the semi span from the plane through the wing-fuselage 
junctures to beyond the tip and dividing the result by the area 
of the wing outboard of the fuselage. The result obtained indicates 
the exact wing profile-drag coefficient only if the measurements 
made near the fuselage do not include part of the total pressure 
losses for the fuselage. The results of a preliminary investigation 
indicate that these measurements include only a small part of these 
.losses. It may be assumed for all practical purposes, therefore, that 
the result obtained does indicate the total. wing-drag coefficient. 

The total wing profile drag coefficient for the wing with of 
sweepback was obtained from measurements made at the two chordwise 
positions given in table III. The results of measurements made 
at both of these chordwise positions but alone spanwise position 


, 1 , 
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indicate that there was very little cross flow behind the wing even 
at the highest test angles. It may he assumed, therefore, that the 
measurement made indicates the true total wing-profile-drag coef- 
icients for the wing with 45° of sweep. 

Variations of the wing-profile-drag coefficient with wing normal- 
force coefficient are presented in figure 9 while variations of this 
coefficient with Mach number for wing normal -force ccefficients of 0.2 
and 0*5 are presented in figure 10. To indicate the effect of sweep 
alone on the profile-drag characteristics of the wing, the variations 
of wing profile-drag coefficient with Mach number for the various 
sweeps and an angle of attack of 2° are presented in figure 11. 

The fuselage -sect ion normal-force coefficient and fuselage -sect ion 
pitching-moment coefficient about the quarter -chord station of the 
chord at the wing- fuselage Juncture in terms of this chord have been 
obtained by integrating a pressure-distribution diagram for the fuselage 
orifice station. Since the pressure measurements were made along the 
central portion of the fuselage only, the normal and pitching-moment 
coefficients obtained are not for a complete fuselage section in the 
presence of the wing. However, these' coefficients do have significance . 
The difference of the pressures on the upper and lower surfaces of the 
fuselage with no wing produced by changing the angle of attack are 
concentrated near the nose and tail, while differences in the pressures 
on these surfaces produced by the presence of the wing are concentrated 
on the central portion of the fuselage (reference 8) . The coefficients 
obtained from pressures measured along the central, portion of the 
fuselage, are therefore, very nearly equal to the changes in the 
fuselage-section coefficients produced by the presence of the wing* 

The ratios of the fuselage-section normal-force coefficient to the wing 
normal-force coefficient are presented in figure 12. Variations of the 
fuselage -section pitching -moment coefficient with fuselage -sect ion 
normal-force coefficient are presented in figure 13* 

The results of previous theoretical and experimental work (refer- 
ence 8) indicate that for an unswept wing at low Mach numbers the 
effect of the wing on the total fuselage ccefficients are probably 
nearly the 3 arae as the effects of the wing on the section coefficients 
for the fuselage planes for which measurements were made* To obtain 
approximations of the over-all effects of the wing it has been assumed 
that the effects of the wing on the total fuselage coefficients are 
the same as the effects of the wing on the section coefficients for 
all the test conditions. The over-all normal-force coefficient for the 
wing has been determined by adding the fuselage normal-force coefficient 
in terms of the over-all wing area to the wing normal -force coefficient 
in terms of the same area. The over -all wing area has been assumed to 
be the area of wing outboard of the area of wing outboard of the fuselage 
plus the area of a rectangular portion of a wing with a chord equal te 
the chord of the section at the juncture of the wing and fuselage, and 
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a span equal to the diameter of the fuselage. The over -all pitching- 
moment coefficient for the wing has "been determined "by adding the 
pi t ching -moment coefficient of the fuselage about the quarter chord 
of the mean aerodynamic chord of the over -all wing area in terms of 
this chord and area to the pitching -moment coefficient outboard the 
fuselage of the wing about this same point in terms of the same area 
and chord. Variations of the over-all pit ching -moment coefficient for 
the wing with the over-all normal-force coefficient are presented in 
figure 17. Variations of the over-all pitching -moment coefficient 
with Mach number for over-all normal -force coefficients of 0.1, 0.3, 
and 0.5 are presented in figure Ip. 

Valuations of the spanwise distribution of section normal- force 
and section profile -drag coefficient with angle of attack for a Mach num- 
ber of 0.600 are presented in figures 16 and 17, respectively. The 
section profile -drag coefficients are based on the chord of the model 
directly in front of the measurement stations. 

Vertical variations of the total-pressure losses for 30° sweep- 
back and sweepforward at stations approximately 2.0 wing-fuselage - 
juncture chords behind the trailing edge of this juncture and 0.18 semi- 
spans from the planes of symmetry are presented in figure 18. 


Aerodynamic Loads 

An analysis of the structure and the aerodynamic loadings of swept 
wings indicates that the maximum bending and shear loads produced by the 
air forces on a swept wing will probably occur at the principal wing- 
fuselage joint nearest the center of load. For swept -back wings this 
joino will be near the trailing edge while for swept -forward wings it 
will be near the leading edge. To show the magnitude of the effects of 
changes in Mach number' on the distribution of load with respect to these 
joints on wings similar to those tested, the distributions of load with 
respect to the critical point, the intersections of the 70- and 20- 
percent -chord lines of the original wing with the surface of the 
fuselage have been determined for the swept -back and swept -forward wings, 
respectively. To provide a basis of comparison the distribution of load 
with respect to the wing-fuselage juncture of the unswept wing have 
also been determined. 

The distance along the swept semispan from the section through the 
critical point to the section including the center of load outboard 
the intersection in terras of the swept semi span has been determined 
by integrating a curve of section load versus the distance along 
the swept semi span. The distance from the quarter -chord line 
of the unswept wing to the center of load in terms of the chord of 
the section through the critical point of intersection has been 
determined by integrating the curves of section twisting moment 
versus the distance along the swept semi span. The ratios of the 
loads outboard the sections through critical points to the total 
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loads on the wrings have also "been determined# The. load centers and 
ratios for angles of attack from 2° to 10° are presented in figure 19* 

The effects of changes in Mach number on. the. load distributions 
for a wing loading of 200 pounds per square foot at an altitude of ; 
30/000 feet are shown in figure 20. 


To allow the determination of the effects of changes * in Mach . . 
number on the distributions ' of load with reference to obher .points 
on the; wing, the .spanwise distributions of load on the. full, wing _ 
and the distribution of twisting moment outboard the sections ■ 
through the assumed critical points for various angles and Mach 
numbers are presented in figures 21 through *30* '^ e unusua ^ ' 

shapes of the- loading distributions near the' root are due to the 
fact that the section loadings in this region are not for complete 
sections (fig. 3)*' 


DISCUSSION 

Variables 


Since the aspect ratio, wing section, taper ratio, and 
Reynolds number range changed when sweep angle was changed, the 
results presented do not .indicate the exact effects of sweep 
alone . However,, the effects of the present changes, m these. . 
other* variables on most .of the variations of ■ characteristics 
.with. Mach number are small, with respect to the. effects of the 
corresponding sweeps (references 9, 10, and ll) . 


• , ¥ing Normal -Force Character! sties ■ 

The wing with 0° sweep at , angles of attack of 0°, 2°, '4°,. ..and 
7° experienced ; reductions in • the normal -force coef f ic lent s when the 
Mach number was increased beyond values, of approximately 0.79, 0.77, 
0.74, and 0 . 73 , respectively (’fig- 5)* ..The wing with 30?. of sweep-, 
back at the same angles of attack experienced simQar reductions ; 

.at Mach numbers approximately. 0.10 greater .than these values. This 
difference is . slightly'" less than.' the increment' of 0.12 . obtained, by 
use "of the factor, ' — - -1 times the Mach numbers at "which ; 

' cos A r . ' \ ’ . • 

reductions* in noimial -force coefficients occur. * The wing with . 3-0° 
of ; sweepforvord at angles of attack of • 0°, 2°, 4°, and 7°. experienced 
reduction's in the wing normal-force coefficients at Mach numbers 
approximately 0.10, 0.12, 0.14, and 0.15 greater, respectively , than. . 
for those at which reduction occurred on the wing with no sweep 
for the same angles of attack. These differences are generally • 
slightly greater than the Mach number increments obtained using the 
factor described above. 
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There are no major reductions in the normal -force coefficients 
for the wings with 45° of . sweepback and sweepf orward at an angle 
of attack of 2° at Mach numbers up to 0.96, the highest test value 
(fig. 5) ♦ For 7° angles of attack these configurations experience 
reductions in normal-force coefficients at Mach numbers of 0.92 
and 0.9k, values which are approximately 0.17 and 0.19 greater 
than the Mach number at which the wing with no sweep experiences 
a reduction in this coefficient at this angle of attack. These 
differences are considerably less than the calculated Mach number 
increment of approximately 0*30 for these configurations for 7° 
angles of attack. > . 

The results obtained for the wings with -30° of sweep indicate 
not only that the reductions in normal -force coefficients occur at 
higher Mach numbers on swept wings than. on similar unswept wings 
but, more importantly, that the percent reductions that occur 
are generally less, in seme cases much less, for swept wings than 
for a similar unswept wing (fig. 5) • Insufficient data are 
available to show the exact effect of progressively increasing the 
sweep angles beyond 30° on the magnitude of the reductions of 
normal-force coefficients but the data obtained for the wing with 
45° of sweep indicate that the magnitudes of these reductions 
are probably further reduced by increasing the sweep angle beyond 
30°. The magnitudes of reductions for swept -forward wings are 
considerably less than those for swept .-back wings with similar 
sweep angles even when the sweep angles are measured to the 
half chord line. 


As would bo expected the slopes of the wing normal -force 
curves, dC$ w /da, for the configurations with sweep are considerably 

less than tho “elopes of these curves for the LfeodoT without sweep 
at the subcritical Mach numbers at an angle of attack of 2° (fig. 6) . 

These differences are due primarily to variations of the sweep 

angle but variations on the aspect ratio and to a lesser extend 

variations in the section, and Reynolds number (reference 10 ) 

produce part of the differences. The slope of normal -force- 

curve for the model with no sweep starts to decrease when the Mach 

number is increased beyond approximately 0-74. It starts to 

increase again, however, at a Mach number of 0.83* At this Mach 

number the slope is approximately 85 percent of the maximum value obtained 

at a Mach number of 0.74. The slopes of these curves for the 

models with 30°, -30°, 45°, and -45° of sweep started to decrease 

at Mach numbers of 0.08, 0.16, 0.19, and 0.20 greater, respectively, 

than the value at which the slope of the curve for the model with 

no sweep started to decrease. The slope for the model with 30° 

sweepback ceases to decrease when the Mach number is increased 

beyond approximately 0.90. The percent reduction of the slope for 

this configuration is greater than that for the model with no sweep. 
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the slope at a Mach number of 0.90 being 00 percent of the slope at 
0.8'2. The percent reduction in slope for the model with 30° sweep- 
forward appears to be much less than that for.- the model with 30° 
of sveepback. The slope for this configuration at the highest test 
Mach number, 0.96, is approximately 5 percent less than the maximum 
at 0.90. 


Wing Pitching -Moment Characteristics 

There are large variations of the wing pitching-moment coefficients 
at given wing normal-force coefficients for the wing with no sweep 
when the Mach number is increased from approximately 0.75 to the 
highest test- value, 0.925 (fig. 8).- Similar changes occur for the 
wings with sweep, but they occur , at a higher Mach number than do 
the corresponding changes for the wing- with no sweep. The magnitudes 
of the changes for 30° and 45° of sweepback and. 45° of sweepforward 
are generally less than the corresponding changes for the wing with 
no sweep, but the magnitudes of the changes for 30° of sweepforward 
are greater than the corresponding changes for this wing. 


Wing • Profile -Brag Characteristics 


The wing profile -drag coefficient for the wing with no sweep 
at an’ angle of attack of 2° starts to increase rapidly when the 
Mach number is. .increased beyond approximately 0.74 (fig. 11 ) . A 
similar increase occurs on the wing with- 30° sweepback at a 
Mach number of approximately 0.09 greater than this value. This 


increment is approximately 75 percent of the factor 


cos 


A. 


1 times 


the Mach number, at. which the drag rise occurs on the wing with no sweep. 
The rate of increase of the. wing -profile-drag- coefficient' with Mach 
number on the wing, with 30° sweepback is approximately the same as 
that for- the wing with no sweep. The wing profile -drag coefficient 
for the wing with 30° sweepforward starts to rise very gradually 
at a Mach number of approximately 0.75* When the Mach number is 
increased beyond approximately 0.86 the rate of increase is about the 
same as that for the wing with 30° ’of sweepback. There is only a 
slight increase in the wing profile -drag coefficient for the wing 
with 45° of sweepback. with 2°. angle of attack when the Mach, number 
is increased to the highest test value. 


-The wake-survey measurements indicate that the increase in the 
profile -drag coefficient for the wing With 30° of sweepforward at 
at Mach number of approximately 0.75 is due to separation near 
the wing-fuselage juncture. It is-' quite probable, therefore, that 
separation also occurs on portions of the fuselage at this Mach 
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number and that the increase in the profile-drag coefficient for 
the over -all configuration is greater than that, for the wing alone. 

The r.se of tips perpendicular to the quarter-chord line instead 
of the revised tip described in the section on Apparatus increased . 
slightly the drag coefficients for the swept -back wings at all 
angles of attack and Mach numbers. 


Effect of Wing on Fuselage Character! sties 

The changes in the fuselage section normal-force coefficients 
produced by the wing are approximately 75 percent of the wing noimal- 
force coefficients for the configurations with no sweep sna sweepback 
at angles of attack of 2°, 4°, 7°, and 10° and at all Mach numbers 
up to the highest test values (fig. 12) . For the wing with sweep- 
forward at, these same. angles of attack and at the lower Mach numbers, 
the ratios of these coefficients are approximately 0.90. For 45° 
of sweepforward the ratios do not change appreciably when the 
Mach number is increased uj> -to the highest test values; however, 
for 30° of- sweepforward at some angles of attack the ratios change 
radically when the Mach number is increased to this value. At 
an angle of. attack of 2° it increases by approximately 75 percent. 


Over-all Characteristics for Wing 

Since the changes in the fuselage normal-force coefficients 
produced by the wing, are approximately equal to the wing normal - 
force coefficients for most conditions, the over-all normal-force 
coefficients for the wing are nearly same as the wing normal-force 
coefficients. In most cases the difference between the two 
coefficients is loss than 4 percent of the wing normal-force 
coefficient . 

The variations of the over-all pitching -moment coefficients- 
with Mach number for various values of the over-all normal-force 
coefficients are approximately the same as the variations of the 
wing pitching -moment coefficients with Mach number for -the 
same values of the wing -normal-force coefficients (fig. 15) • 


Stalling Characteristics 


Since the Reynolds numbers, airfoil sections in flow direction, 
and aspect ratios for the various configurations differed, the 
results obtained at the highest angles of attack at a Mach number 
of 0.60 do not indicate the effect of sweep alone on the angle 

UWCWSSiHlu 
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of attack and normal-force coefficient at which stall occurs. Since 
the Reynolds numbers for the tests were considerably lower and the 
Mach numbers considerably higher than those for the. usual landing 
conditions, the results cannot be used to estimate the stalling 
characteristics for the landing conditions. It is believed,, however, 
that the results do indicate for some maneuvering conditions the 
locations of initial flow separation due to increasing the angle 
of attack to relatively high values. At a Mach number of 0.60 
this initial separation occurred first on the inboard sections of 
the wings with no sweep and sveepforward and on the outboard 
sections of the wings with sweepback (figs. 16 and IT)-. 


. Load Distributions 

The center of load on the wing with no sweep for a wing 
loading of 200 pounds per square foot an an altitude of 30,000 feet 
shifts inboard very slightly and rearward by a considerable amount 
when the Mach number is increased from approximately 0.75 to the 
highest test value (fig. 20). The center of load on the wing with 
30° of sweepback for the seme conditions does not shift along the 
swept -back semispan but shifts rearward with reference to this line 
approximately the same distances as the center of load on the wing 
with no sweep shifts chor&wise. The center of load on the wing 
with 45° of sweepback shifts slightly outboard, along tho swept -back 
semispan and rearward with reference to this line for the particular 
over -all' loading selected. The centers of load on the wings wi th 
sveepforward shift . slightly inboard along the swe'pt-forward semispan 
but do not shift by a significant amount with reference to this line. 


CONCLUDING REMARKS . 

The results of tests of wings with no sweep and 30° and 4p° 
of sweepback and sveepforward in conjunction with a typical: fuselage 
at Mach numbers up to 0.96 indicated the following: 

1. The. wings with -30° of sweep experienced the. severe changes 
in characteristics associated with the presence of shock at higher 
Mach numbers than did the wing without sweep. The differences 
between the Mach numbers at which the changes occurred for the 
wings with -30° sweep and no sweep were generally slightly less than 

the factor — r- 1 times, the Mach numbers at which the changes 

cosA r 

occurred for the unswept wing, A r being the sweep angle . 
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2. The wings with -45° of sweep did not experience the changes 
in the characteristics associated with the presence of shock at 
an angle of attack of 2° at Mach numbers up to the highest test 
values . 


3. The magnitudes of changes in. the normal -force coefficients 
that occur were less for the wing with -30° of sweep than for the 
unswept wing. 


4. The use of sweepforwerd was superior to sweepback in delaying 
and reducing the -changes in the normal-force coefficients but was 
inferior in delaying and reducing the changes in the profile -drag 
coefficients. 

5. Increasing the Mach number to the highest test values had 
little effect on the positions of the center of loads on the various 
configurations , for the probable design load conditions. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. • • 
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TABLE I 


GENERAL DIMENSIONS 


Symbol Description 


A r Sweep of 25-percent -chord 

line of original, wing, 
degrees 

A. c Sweep of leading edges of 

actual wings, degrees 

A Sweep of 50-percent -chord 

C ' c line of actual wings, 
degrees 

b Span, inches 

d Span along 25 -percent - 

chord line of original 
wing, b/2 cos A , 
inches 

c r Boot chord, inches 

Tip chord, inches 

Chora at intersection of 
wing and fuselage, 
inches 

Mean chord of wing exten- 
ded through fuselage, 
inches 

Mean chord of wing out- 
board of fuselage, 
inches 

S e Area of wing extended 
through fuselage, 

inches 2 

S w Area of wing outboard 
of fuselage, inches^ 

S a Area of wing assuming 

wing straight through 
fuselage, inches 2 

Aq Aspect ratio assuming 

wing extended through 
fuselage, b 2 /s e 

Aw (Aspect ratio of wing 
outboard fusolage. 


Dimensions 


(b - 2r) 2 /s 
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TABLE I . - Concluded 


GENERAL DIMENSIONS' - Concluded 


Symbol 

Description" 


Dimensions 


A a 

A.spect ratio assuming wing 
straight through fuselage, 

* 2 /s a 

9.0 

7.5 

5-2 

6.9 

4.5 


Taper ratio of wing outboard 
of fuselage, cp/c g 

2.35 

2.45 

2.37 

2.53 

2.46 


Taper ratio assuming wing 
extended through fuselage, 

Cr / C g 

2.50 

2.63 

2.60 

2.72 

2.70 

C V 

Mean aerodynamic chord of 
wing outboard of fuselage, 
-inches 

4.24 

4.62 

5.45 

4.99 

6.10 

c \r 

Mean aerodynamic chord of 
over -all configuration 
assuming wing rectangular 
through fuselage, inches 

4.43 

4.86 

5-77 

5.25 

6.48 

x f 

Inches 

0 

•94 

1.65 

-1.22 

-2.20 

Xw 

Inches 

0 

4.74 

6.93 

-4.67 

-6.67 

*a 

Inches 

0 

4.19 

6.00 

-4.09 

-5.68 

x e 

Inches 

0 

-.14 

-.28 

.15 

• 35 

8 

Distance from nose of fuse- 
lage to intersection of 
quarter-chord line of 
original wing and plane of 
symmetry, inches 

14.10 

13.20 

12.10 

14.75 

15-30 


Ratio of 2c fT to S w 

.15 

.18 

.22 

.18 

.22 

c c 

Chord at critical section, 
inches 

5 . 64 

5.41 

5-19 

5.45 

5.24 


Position of critical chord 
with respect to intersec- 
tion of c/4 line of origi- 
nal wing (percent "d") 

10.0 

16 

22.4 

15-5 

21.1 


Ratio of thickness to chord 
for sections parallel to 
air stream 

10.0 

9.0 

7-5 

8.2 

6.6 


[Position of maximum thick- 
[ ness, percent chord 

42 

43 

43 

41 

41 
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TABLE II 


[Locations of pressure orifice stations with reference to the 
~ intersection of the 25 percent chord line of the original wing 
and the center line (percent of swept -hack semispan)| 


Sweep angle, .A 


0° 

O 

O 

m 

45° 

-30° 

-45° 

11.0 

12.7 

14.4 

7*6 

5-2 

20.0 

21.3 

22.9 

16.3 

14.0 

30.0 

30.9 

32.4 

26.0 

23-7 

43.0 

43-4 

44.7 

38.6 

36.4 

55.0 

55*8 

57-0 

51.1 

49.1 

64.0 

63.5 

64.7 

58.9 

56.9 

80.0 

78.8 

79.8 

74 . 4 

72.5 

95-0 

9^.2 

94.0 

1 

88.9 

87.1 
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TABLE III 


LOCATION 01 


BANS FOB 


WAKE 


SttlVEY 


C 

k-.- 


{Sweep angles | 


0° 

O 

o 

CO 

4 

K 0 ‘ 
J 

-3< 

•>0 

J 

' X 


X 


X 


X 


(in.) 

2y/-b 

(in.) 

2yA 

(in. ) 

2 y/o 

(in.) 

2 y/b 

8.4 

0.127 

16.8 

0.175 

17-1 

0.210 

9.8 

0.180 

8.4 

.180 

16.3 

.292 

17-1 

• 324 

. 9-8 

• 300 

8.4 

.250 

16.8 

.490 

17-1 

.508 

9.8 

.500 

8.4 

.500 

16.8 

• 725 

17.1 

.740 

9-8 

.750 

8.4 

• 750 

16.8 

.910 

25.1 

.740 

9.8 

• 950 

8.4 

•950 

16.8 

1.000 

25.1. 

25.1 

•925 

1.000 

17.3 

.180 
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Fig. 1 



Figure 1.- Unswept wing without fuselage on plate. 
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Fig. 2 



Figure 2.- Close-up of unswept wing showing wake-survey rake 





- 0.600 
- .730 

.eoo 

.330 

390 

. 92.3 


NACA RM No. L6T01a 


(a)A = o. 


Anq/e of attack j OL 
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ric/ure <4 — Variation of wing norma I -force 

coefficient with angie of attack . 
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Fig. 4b 



Figure 4 Continued . 
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Angle of attack, ol 


F/gure *4 . — Continued . 
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Wing normal -force coefficient 


Fig. 4e 
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Figure *4 Concluded . 
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Mach number, M national advisory ; 
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Figure 5 . - Variation of v^ing normal- force coefficient 
with Mach number. 
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Fig. 5 cone 
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Wing pitching -moment coefficient J Cm c </4 


Fig. 7 
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Wing pitching -moment coefficient O mc ,^ 
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Fig. 7 cone 




Figure 7. - Concluded. 
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Fig. 9 
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Figure 3 .— Variation of wing prof He - drag coefficient with 

wing normal -force coefficient, national advisory 
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Wing profile -drag coefficient, 


Fig. 9 cone. 
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Fig. 10 



I 



Mach number for constant wing norma! -force coefficient . 





Fig. 11 

















Fuselage section pitching.- moment coefficient \ 


Fig. 13 
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A = *^5 


A_= -45 


Fuselage section normal-force coefficient , c n ^ 

Hgure 13.- Variation of fuselage section pitching -moment 
coefficient with fuselage section normal -force coefficient. 
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yi = o 


yi = v3o 


!■■■■ 

ISM 


Over-all normal-force coefficient 

Figure 1-4.— Variation of over-all pitching -moment coefficient 
with over-all normal -force coefficient. 





Over-all pitching-moment coefficient ; C/n { 


Fig. 14 cone. 
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Fig. 15 




Mach number, M national advisory 
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figure /■5.— Variation of over-all pitching - moment coefficient 
With Mach number for constant normal -force 


coefficients. 
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Fig. 17 
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Figure J7 . — Effect of angle of attach: on sparrwise variation 
of section profile -drag coefficient . Arl - 0.600 . 
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Fig. 18 



Figure / & ■ — Vertical variation of total pressure losses behind 

swept wings. M-O.QQO. 
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(a) A- Or 

Figure 19.— Variation of load distribution with Mach 

number . 
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Fig. 19b 





Ratio of loads, Chord wise center of Lateral center of !oad i 

c N C / c Nw load, l'/c c s/d 


Fig. 19c NACA RM No. L6T01a 



.d .6 .7 .& .. 9 AO 

Mach number , M national advisory 

' COMMITTEE FOR AERONAUTICS 


(C)Sl=4d.‘ 

Figure / 9.- Continued. 
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Fig. 19d 
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Fig. 20 
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Figure 20 ■ — Variation of load, distribution with Mach number 
for a wing loading of 200 pounds per square foot at an 
altitude of 30, 000 


feet 
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Fig. 23 
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Fig. 25 



F~igure 25. — Variation of spanwise toad distribution with 

Mach number . Vi = --4-5. 
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Fig. 26 
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Figure £6 . — Variation of spanwise twisting-moment distribution 

with Mach number . Vi= 0.° 
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Figure 26. - Variation of span wise twisting-moment distribution 
with Mach number. = 4-5 ° 
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